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Figure 3. Weekly Number of Reboots
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Figure 4. MTTI Weekly Average
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Figure 5. Utilization Weekly Average

OS Release

 Sept/116 May/1 14 17Jun/15 11 11July/1 Aug/10.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

Load Average

R1.0C Fab7-11 T10 T11

0

1

2

3

4

5

6

7

8

9

10

Number of Users



�Cf

ã];F+[4ö>`_íENWj^pMN+ZWj+./r>ê>Rsr+K�Rãq/rH�>REF_Z/�13MNEN>RmëWj+Z>R-0ENH7;�ñq5qsr+KJal#UIó]13-813M�MN+ZM�LS+./rH�srb
WI13-0þo;�13-�+Ñ1a;F+.>�_Z�»�q9:+ûþS+.-`/r+.MF;�13/�4j>Rsr-v+Z+Ñ13^p^pMNENH�13>REF_Z/õLS+./rH�srWI13-`þ,;ÃýasrENH�s
-�+Z^p-�+O;F+Z/r>2H�_.Wj^qãp>013>REF_Z/�13M,^]13-`>0;ê_.�£ENWj^]_Z-0>013/r>2Jal#UÐ13^p^pMNENH�13>REF_Z/õH�_O4[+O;=ñ�5,s�+
Jaòa5[b`�õùR � L[+Z/rH�srWI13-0þo;a>R+O;F>6^p+[13þ ù* � ^p+Z-0�`_.-`WI13/rH�+.A�13/24uù* � ^p+Z-0�`_Z-0b
WI13/rH�+Øýas�ENMN+Ø+]�7+ZH�ãp>REN/2Tû1h>RmS^pENH�13MOw�XSBé13^p^pMNENH�13>REF_Z/�ñ
��� ��� �kÏ �>= 4 �3������� 5 �@? 5 +,�J��8ö�3� ü �
l#MNM2_.�o>Rsr+iJal#Uî^]13-<13MNMN+.MrL[+Z/rH�srWI13-0þo;�H7_.Wj^pENMN+[4í13/24a-813/ÚH�_Z-0-F+ZH�>RMNmÐ13�R>d+.-h>Rsr+
� U#-�+ZMN+O1C;F+Ø5��CfhýK1C;qEN/2;F>013MNMN+O4Ú_./býdãp/r+Øe:fZ�
	nñ

��� ��� ÎkÏBA �DC � ÿFE9GH? 5 +q�J�"8I�3� ü �
B#ãp-`EN/�Tç>Rsr+�^p+.-`E@_[4�H�_Z9S+Z-�+O4�EN/P>RsrEF;p-�+Z^]_.-`>RAÍ>Rsr+�Jaòa5[b`�hù* � L[+Z/rH�srWI13-0þo;]4OEF4
/2_.>h-0ãp/x_./ >Rsr+aó]13-81CTS_./2ñO5qsr+aùR � 13^p^pMNENH�13>REF_Z/ LS+./rH�srWI13-0þÐH�_ZãpMF4K/2_Z>�-�ãp/
4Oãq+Ø>0_Ø>ds�+çEN/�13LSENMNEN>RmÑ_Z�r>ds�+çó]13-81CT[_Z/altópóq*q5ÚLS+./rH�srWI13-`þûENWj^pMN+ZWÑ+Z/r>013>REF_./D>0_
s213/24OMN+�>Rsr+�MF13-�TZ+Z-�^p-�_ZL[MN+.W ;FENQC+Päd�Cf3yJI<ædñ85qsr+�^p+[13þaùR � LS+./rH�srWI13-0þo;�4OEF4P/2_.>
-	ãq/ 4Oãq+î>0_P>Rsr+PMNENWjEN>R+O4í�dãp/rH�>dE@_Z/213MNEN>Rm÷_.�h>Rsr+îó�13-<1CTS_./ ó]13-<13MNMN+ZM�XSENMN+îUnmo;F>R+ZW
äËópXSUVædñ<ó]13-<13MNMN+ZMSùR � _Z^p+.-813>REF_./2;�_.H�H�ãp-0-`EN/2TP;FENWÑãqMN>013/r+O_Zã];FMNmí_Z/zWI_.-v+ê>Rs213/Ð�C}
/2_O4[+O;qsrãp/2Tç>Rsr+�;Fmo;F>R+.WIñ

��� / 4�5 �76�)Z�78ö��+q� 5 � 5 �d�7�d���
�õ+�ã�;F+O4t>Rsr+�Jal#U�ó�13-<13MNMN+ZMn*q+./rH�srWI13-`þ,;V>0_k+Z9o13MNã�13>R+#13/24tH�_.Wj^�13-F+k>Rsr+�ó�13-<13b
TS_./õ^p+Z-0�`_Z-0WI13/rH�+ûýaEN>Rsõ>Rsr+6ENóqUnw�O|:}CfCñ�Un^p+.H�E��qHi^q+.-0�`_Z-0WI13/rH�+ûWj+.>R-`ENH�;hýa+Z-F+
13MF;=_êENWj^pMN+.Wj+Z/�>d+O4î>0_êWj+O1C;Fãq-v+ê^p+Z-0�`_Z-0WI13/rH�+î_Z�pþS+.mK;@mo;F>R+ZW �d+O13>dãp-v+[;=ñ�5,s�+[;F+
EN/rH�MNã]4[+O4���J � \]GIl äËJK_ç\]+.WI_Z>R+çGI+.WI_Z-0mPl#H�H�+[;=;=ænùÉópw�A7Jb� WÑ+[;=;=1CTZ+Zbd^]1C;=;Fb
EN/2TD13/24a9:EN-`>Rã]13MrWj+.WI_Z-0m�ñ.J � \]GIlúùdóqwøEF;�13/Ñ+0�7>R+./2;FEF_./ _Z�,G~13H�sÑùdóqwøã];F+[4
�`_.-�EN/r>R+Z-�bd/2_O4O+zH�_.WjWjãq/�ENH713>REF_./IL[mÐ>Rsr+õ_Z^p+.-813>REN/2TÐ;Fmo;F>R+.WIñ[J�� EF;k>ds�+zWÑ+[;Fb
;=1CTÍ+.bd^]1C;=;FEN/2T ^p-�_.>0_ZH�_ZMçã];F+O4øL[mxã�;F+.-8;2#Ø13^p^pMNENH713>REF_./2;û>0_ ENWj^pMN+.Wj+Z/r>#EN/r>R+.-vb
/2_O4[+�H�_.WjWjãq/rE�H713>REF_./2ñC*�_Z>Rsö_.�2>Rsr+O;F+�H7_.WjWjãp/rENH�13>REF_Z/íMF13mS+.-8;Ø13-v+�H�-`EN>RENH�13M]1C;

� �3��� 5LK ��Ï �M= 4 �3�<����� 5 �@? 5 +q�Z��8ö�3� ü � -/. +q�����*),+������d�� � 5 �d�7�d���
NZº�	!O��R¹P����Q R����
6���º
¹ - ¸ S*º . ��	UTV�
���1º�Oä·��W�X�
	Y�Z�[�	\��<Rº� �¼ #'Y�]�¾

^ R Å9_a` b%cFd
��e Å�Á*Ä
f b%cFd
g9g�# Å�Á*Ä
_ihêÀ
Å*Æ b%cFd
TVe Å*Â +�hêÀ�+
j b%cFd
& - Å9_af b%cFd

7R�R - R Ä
Ç9f b%cFd
:R�R�N�# Ä
Ç9f b%cFd
:R�R�;�µ Ä
Ç9f b%cFd



���

ã];F+Z-<;$#n13^p^pMNENH�13>dE@_Z/2;]13-�+�MF13mS+.-�+[4 _./a>0_Z^õ_Z�r>Rsr+.WIñ35qsr+�^pãq-0^]_[;F+�_.�r+Z9o13MNã�13>REN/�T
>Rsr+O;F+I;Fmo;F>R+.W �d+O13>Rãq-v+[;�ýK1C;P13MF;=_j>0_jENWj^p-�_Z9S+I;Fmo;F>R+.W >Rãp/rEN/2Tö13/24 EF4[+./r>REN�dm
^]_Z>R+./r>REF13MO^p+Z-0�`_Z-0WI13/rH�+�Lo_.>R>dMN+./r+.H�þ,;=ñ

��� / � �kÏBk � 5 ������� 5;4 �C���²��+�� 4�5 �76�)Z�78ö��+q� 5
5,s�+tJ��÷Wj+[;=;=1CTZ+Zbd^]1C;=;FEN/�T�Wj+.>d-0ENH�;£Wj+O1C;Fãq-v+O4D>Rsr+t>RENWj+#/r+.H�+O;=;=13-0m �`_.-i;F+./24Ob
EN/2T 1ÑWj+[;=;�1CTÍ+ÿL[+.>dýa+.+Z/~>Rýõ_Ð/r+.EFTÍsrL,_Z-a/2_O4[+O;=ño5qsr+ÿ>RýK_ÐH7_.WjWjãp/rENH�13>REN/2T
/2_O4[+O;�ýa+Z-�+j;FmS/�H�sr-�_./rENQC+O4íL[+Z�0_Z-�+j;F>013-`>REN/2T[ñn5,srEF;�13>d>R+.Wj^p>R+[4j>0_P+./2;Fãp-�+î>Rs213>
>Rsr+i-�+ZH�+.EN9:+a_Z^p+.-813>REF_./ÑýK1C;2/�_Z>,^]_O;F>R+[4aL[+Z�`_.-v+i>ds�+D;@+Z/24qñ.5qsr+a_Z/r+.bdýK13mzWj+O;Fb
;=1CTÍ+�>RENWj+�ýK1C;rWj+O1C;Fãq-v+[4#L[mz4[EN9SEF4[E�/2T�>Rs�+�>dENWÑ+��`_Z-Ã1£-�_.ãq/24i>d-0EN^PWj+[;=;=1CTZ+�LSm
>RýK_[ñ

5,s�+ Q �7T M0� 13/24 Q U�T QR: ;FmS/rH�sr-�_./2_Zã];iJb�úWj+[;=;=1CTZ+Zbd^]1C;=;FEN/�TK^p-0ENWjEN>REN9:+[;�ýa+Z-v+
ã];F+[4î>0_êENWj^pMN+ZWj+./r>p>RsrEF;�>R+O;F>0ñ<5,sr+ê^p+[13þPLo13/24OýaEF4O>Rs ^p+Z-0�`_Z-0WI13/rH�+êýK1C;�Wj+[13b
;Fãp-�+[4ô�`_.-í9�13-`EF_.ã]; Wj+O;=;=1CTÍ+ô;FENQC+O; �d-3_ZW ädf3bdyøG *,m[>d+O;=ædñh5qsr+ëMF13>R+Z/rH�m ýK1C;
13^p^p-�_0�7ENWI13>R+O46�R-�_ZW 1hMNEN/r+O13-�-�+[TÍ-�+O;=;FEF_./a�`_Z-�1hWj+[;�;=1CTÍ+�;FENQC+6_.�rQC+Z-3_ØL[mS>R+O;=ñ

XSEFTZãq-�+õ}6^pMF_Z>0;�WÑ+[;=;=1CTZ+Ð;FENQC+D9:+.-8;Fã];�>R-<13/2;F�d+.-i-<13>R+z�`_.-�>Rsr+z5��Cf � Uí-v+.MN+[1C;F+Oñ
5nýK_ô4OEN���R+Z-�+Z/�>PH�_ZWjWjãp/rENH�13>REF_Z/è^p-�_.>0_ZH�_.MF; ýa+.-�+ëã];F+O4 4O+Z^p+Z/�4[EN/�T _Z/è>Rsr+
Wj+O;=;=1CTÍ+õ;FENQC+Oñ[ùÉ�Ã>ds�+zWj+O;=;=1CTÍ+õ;FENQC+DýK1C;�MN+O;=;�>Rs213/ e:fCfml�LSm[>R+[;FA,L,13/24OýaEF4O>ds
^p+Z-0�`_.-`WI13/rH�+�ËqãpH�>Rã]13>R+[4xLS+.>Rýa+Z+./ 1KMF_Zý äd�CfõG LSm[>R+[;$q;�æû13/24 1KsrEFTÍsåäËy:f
GIL[mS>R+O;$q;=æCWj+O1C;Fãq-v+ZWj+./r>0ñ=5qsr+kL,13/24OýDE@4[>RsÌËqãpH�>Rã]13>REF_Z/îEF;V>Rs2_Zã]TÍsr>S>0_kLS+#4[ãp+
>0_�>Rsr+�+0��>d-<1�_Z9S+Z-�s�+[1C4i>Rs213>,_ZH�H�ãq-<;rýasr+./ûH�s�+ZH�þSEN/2T��`_Z-h139�13ENMF13L[MN+#;F^]13H�+�EN/û>Rsr+
-�+ZH�+.EN9:EN/2TçH�_.WjWjãq/rE�H713>REF_./aLSãp�¸�d+.-0ñ

� �3��� 5Ln ��ÏBk 4�5 � ü ?]��+o�1pb���[���ÿ��+o�rqq�3� 5 +q�J 
s5tñ$Û�é Û�ß�íåÛ�í u�v u áxw y u áxw â u áxw z{i| } ~� � � � � } | � � u áxw z{i| } ~�� ��}� � � � � } | � � u áxw z� ��� � � ��� � ��� � ñ4�xw �x� u �x�

�7ß�Ö����0è �Ø× Ù� Ô:�"� í�� ø�� ô ù�� ô ù�� ô ù�� ô óª÷�� ô óªø�� ô ò�ø�� ô òx�
�Øß�× Û�ÖØãåà �

µ
í�� ò�ô�ú ò�ø�ú ò�ô�ú ò�ô�ú óªö�ú óªö�ú ó���ô ó���õ

Start Timing
gsync

csend
crecv
Stop Timing

gsync

crecv
csend

Node 0 Node 1



�3y

B#ãp-`EN/�Tî>Rsr+6^p+Z-0EF_O4ÚH7_.9:+.-�+[4ÚEN/K>RsrEF;h-v+Z^]_Z-0>k1î;F>R+[1C4OmjENWj^p-3_Z9:+.Wj+Z/�>2EN/õH�_ZWjb
Wjãp/rENH�13>REF_Z/DL,13/24OýDE@4[>RsDýK1C;,Wj+[1C;@ãq-v+O4,ñ�òK_.ýa+Z9:+.-�A7H�_.WjWjãq/rE�H713>REF_./DMF13>R+Z/rH�m
-�+ZWI13EN/�+[4�srEFTÍsrA:13>�>Rsr-v+Z+�>RENWj+[;q>Rsr+�ENópUnw��|:}CfhMF13>R+Z/rH�mÑä���{:f

 µ
;=æ

��� / � ÎkÏ GbÒÑ�ø� ÿ 4�� 4"5 �6�)Í�8ö��+q� 5
lu>R+[;F>�^p-�_[TZ-813WYýK1C;qENWj^pMN+.Wj+./r>R+[4�>0_ØWj+O1C;Fãq-v+�J � \]GIluùÉópwö^p+Z-0�`_Z-0WI13/rH�+[ñ
J � \]GIl ùÉópw EF;ê13/õ+0�7>R+./2;FEF_./ë_Z�£>Rsr+6G~13H�sõùÉ/�>R+Z-vbdóp-�_ZH�+O;=;hw#_ZWjWjãp/rENH�13>REF_Z/
äËùdóqw#æp;@+Z-09:ENH�+çã�;F+O4û�`_.-£EN/r>R+Z-vbd/2_[4O+çH�_ZWjWjãp/rENH�13>REF_Z/õ_Z/õ4OEF;F>R-`ENL[ãp>R+[4ObdWj+ZWI_.-`m
;Fmo;@>d+.WI;=ñ<J � \]GIl ùdóqw�^p+Z-0�`_.-`WI13/rH�+êEF;�H�-0EN>RENH�13M:>0_�>Rsr+ � UÚ13/24Pã];F+.-8;$#[13^p^pMNENb
H�13>REF_Z/2;pL[+.H713ã];F+�EN>:MNENWjE�>`;p>Rsr+k^p+Z-0�`_Z-0WI13/rH�+�_.��EN/r>R+Z-Fbd/2_[4O+k^q-3_ZH�+[;=;pH�_.WjWjãq/rE�b
H�13>REF_Z/2;î/�+Z+O4[+O4x>0_ø;Fãq^p^]_.-`> � U 4[EF;F>R-0ENL[ãq>R+O4è;F+.-`9SENH�+O;j;FãpH�s 1C;Ì�qMN+O;Fmo;F>R+.WjA
/r+.>Rýõ_.-0þîùR � 13/�4û9:EN-0>Rã]13M[Wj+ZWI_.-`mû^]1CTÍEN/2TSñ�5qsr+çM@13H�þÑ_Z�V^p+Z-0�`_.-`WI13/rH�+ØEN/D>Rsr+
J � \]GIl ùdóqw�4,13>01j;F>R-	ãqH�>Rãp-	+O;û13/24 EN>0;êH�_ZWÑWjãq/rENH�13>REF_./ë^p-�_.>0_ZH�_.MhH�13/ô;F+.-0ENb
_Zã];FMNm÷4O+[TÍ-<1C4O+a>Rs�+a�dãp/rH�>REF_Z/�13MNEN>Rmë_.�ê1z4OEF;F>R-0ENLSãp>R+[4ObdWj+.WI_Z-0më_.^p+Z-<13>REN/2TK;Fmo;Fb
>R+ZWIñ

5,s�+�J � \]GIl ùdóqw�>R+[;@>�;@+Z/r>]�CfCfCf�Wj+O;=;=1CTÍ+O;��d-3_ZW 1#;F+Z-09:ENH�+�/2_O4O+�^p-�_.H�+[;=;�>0_
1aH�_ZWj^pãp>d+Ñ/2_[4O+j^p-3_ZH�+[;=;�ñV5qsr+jWj+O;=;=1CTÍ+ ;FENQC+j9�13-0EN+O4I�d-3_ZW eCyKL[mS>R+[;�>0_jeCy
l�L[mS>R+[;FA[EN/jeCyûL[mS>R+tEN/rH�-�+.Wj+Z/r>0;=ñZ*�_Z>RsjG~13H�sÑ#«;]EN/rbdM�EN/r+z13/24Ð_.ãq>Rb`_.�dbdMNEN/r+t>R-<13/2;Fb
WjEF;=;FEF_./ÐWI_O4[+O;Ãýa+.-�+ûã];F+[4qñ � ãq>Rb`_.�dbdMNEN/r+û>R-813/�;FWjEF;=;FEF_./ÐEF;ÃWI_.-v+û+Z�£�qH�EN+Z/r>2�`_Z-

l m n o p q � r � x � q � � u n q t u � � m w n � u w   ¡ m   � ¢

0
107520 215040 322560 465920 680960 860160 967680

Bytes

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Mbytes/s
s t ñ Û é Û ß í Û u � �



�3e

MF13-�TÍ+êWj+O;=;=1CTÍ+O;�L[+ZH�13ã];F+êEN>p-v+&%ÍãpEN-�+[;o>Rýõ_ê�d+.ýa+Z-]Wj+.WI_Z-0mSbd>0_.bdWj+ZWI_.-`mPH�_Z^pEN+O;
13>V>Rs�+çã�;F+.-� � UtEN/r>R+.-`�`13H�+Oñ�J � \]GIl ùÉópwëMF13>R+./rH�mîýõ1C;,Wj+O1C;Fãp-v+O4Ñ13>£13^p^p-�_]�7ENb
WI13>R+ZM�mz|:fCf

 µ
;2�`_Z-hWj+[;�;=1CTÍ+[;k_.�oWjEN/rENWjãpW ;FENQC+OñZ5qsr+iWI1��7ENWjãqW L,13/24OýaEF4[>Rs

ã];FEN/2Tè_.ãq>Rb`_.�dbdMNEN/r+ >d-<13/2;F�d+.-8; 13/�4úMF13-3TÍ+ ^�13H�þS+.>0;ÑýK1C; 13^p^p-�_0�7ENWI13>R+.MNm ���Cñ°f
GIL[mS>R+O;$q;=ñ�óq+.-`�`_.-`W 13/rH�+î4OEF;FH�_Z/�>dE�/rãqEN>REN+O;�13>V^]1CTÍ+êLo_.ãp/24,13-0EN+O;FAnWI_O;F>p/2_.>013LSMN+
ýaEN>RsîEN/rbdM�EN/r+k>R-<13/2;F�d+.-8;rLS+.H713ã];F+#_Z�:>Rsr+#1C4q4[EN>REF_./213MnH�_Z^pmtEN/Ñq_.ãq>0;FAZE�/24[ENH�13>R+#;FEFTÍb
/rE��pH713/�>£_.9:+.-�sr+[1C46EN/DEN/r>R+.-813H�>REF_Z/�;,ýaEN>dsa>ds�+ ��G ;Fmo;F>R+.WIñ�5,sr+ØH�s213/�TÍ+ç�d-3_.W �
l�L[mS>R+[;"��Gì^]1CTÍ+O;oEN/D\Ø�Cñ°f3w�A7>0_ç|£l ^]1CTÍ+O;oEN/D5h�Cf3A�13MNWI_[;F>24,_.ãqL[MN+O4ûJ � \]GIl
ùdóqwILo13/�4[ýaEF4O>RsrAÍLSãp>:>RsrEF;];F>RENMNM�EF;]_Z/rM�mÚg�Í _Z��>Rsr+�^p+O13þ6s213-=4[ýK13-�+�L,13/24OýaEF4O>ds�ñ
ñ

��� / � �¥¤ �d�0� . ���f� 5 8 )Í� 4�5 �76�)Í�8ö��+q� 5
l >R+O;F>£^p-�_[TZ-813WìýK1C;ÃE�Wj^qM�+ZWj+./r>R+[4Ñ>0_ûWj+O1C;Fãp-�+Ñ13/�4Ñ+Z9�13M�ã�13>R+û>Rsr+ûó]13-81CT[_Z/
9:EN-0>Rã�13M:Wj+ZWI_.-0mõä
�kG~æq;Fmo;F>R+ZW ñ85,s�+i>R+O;F>�13MNMF_.H�13>d+O4í1kH�srãp/rþK_Z�qWj+ZWI_.-`mK13/24
EN>R+Z-<13>R+[4t>Rs�-�_Zã]TÍsPEN>S>RýDE�H�+.A,�q-<;F>:ýa-0EN>REN/2T�_Z/r+kL[mS>R+k>0_�+O13H�sP^]1CTÍ+.AÍ>Rsr+./P-v+O1C4[EN/�T
EN>pL,13H�þoñ<5,s�+�>R+O;F>pýK1C;�-	ãp/ÿ_./ÿ1#�C}�/2_[4O+ê^]13-`>REN>REF_./ ýaEN>Rs Wj+.WI_Z-0mK;FE�QC+[;�-<13/2TÍb
EN/2Tt�d-�_ZW �Ø>0_#yC|:fCfØ^]1CTÍ+O;=ñZl ;FEFTÍ/rE��pH713/�>oEN/rH�-v+O1C;F+#EN/j+]�7+ZH�ãq>REF_./j>RENWj+D_ZH�H�ãq-<;

� �3��� 5L¦ ��Ï GbÒÑ�ø� ÿ 4�� 4"5 � ü ?]��+o�§pb���O���ÿ��+0�¨qq�3� 5 +,�J 
,©-D. º���º��� �º� . Y�ª ]�T

¸ 	�«���¸ 	]º
#JY�]
¸ 	�«W��¸ 	]º

#'Y�]
���*·�«x�98 «���¸ 	]º

N¬��	!<�P¸�<ê·W� ¼���N�®� ª¾ Ç*Â + È�Â Á À�À
;��
·�º�	\O¯� ¼

µ
 ª¾ Æ�+�+ Æ�+�+ Æ�+�+

0 4 8 12 16 20 24 28 32
0

1

2

3

4

5

6

7

Data Buffer Size (Kilobytes)

T
ra

ns
fe

r 
S

pe
ed

 (
M

eg
ab

yt
es

/s
ec

on
d)

Paragon OS PT10.7.2 NORMA IPC Bandwidth

l m n o p q ° r � ± ² � ³ ´ t } � u w   ¡ m   � ¢



�3�

ýasr+./í>Rsr+tWj+ZW _Z-0m 13MNMF_.H�13>d+O4z-v+&%ÍãpEN-�+[;£>Rsr+tãq/rã];F+O4z^�13-0>�_.��>Rsr+z;F+.-`9:+.-�>0_�L[+
^]1CTÍ+O4Ñ_Zãp>0ñ�5,s�EF;P�q-<;F>VEN/�H�-v+O1C;F+î_.H�H�ãp-0-�+[4Ñ13>£13L,_.ãq>V|�GIL[mS>R+O;o�`_Z-£\Ø�Cñ°f3wô13/�4Ñg
GIL[mS>R+O;#�`_.-î5��CfCñpl ;F+.H7_./24öEN/rH�-�+O1C;F+íEN/ø+]�7+ZH�ãq>REF_./ø>RENWj+ö_ZH�H�ãp-8;#ýas�+Z/ø>Rsr+
13^p^pMNENH�13>REF_Z/ös�1C;Ø^]1CTÍ+O4 _.ãp>i13MNM]ãp/rã�;@+[4Ð^]_Z-0>REF_Z/�;6_Z��>ds�+ÿ;F+.-09:+Z-a13/24ÐL[+[T[13/
^]1CTÍEN/2T÷EN>0;Dãp/rã];F+[4u^]1CTÍ+O;=ñ��øsr+./ú>Rsr+u13^p^pMNENH�13>dE@_Z/Y;F>013-0>R+[4u^]1CTÍ+öEN>0;F+.MN�dAØEN>
ýK_ZãpMF4 _Z�d>R+./Ðs213/2Tí1C;Ã^]1CTÍ+O;Ã/r+.+[4O+[4Ñ>0_îH�_Z/�>dEN/�ãq+û+0�7+.H�ãq>REF_./Ðýa+Z-F+îMNENþ[+ZMNmí>0_
s2139:+DL[+Z+./I^]1CTÍ+O4�_.ãp>`ñ[5qsrEF;�;@+ZH�_Z/24õEN/rH�-v+O1C;F+Ð_.H�H�ãp-0-�+[4ë13-�_Zãp/24ë���6GIL[mS>R+O;
�`_.-h\Ø�Cñ°f3w 13/24í�CfkG LSm[>d+O;��`_.-h5��CfCñ85,s�+iEN/rH�-v+O1C;F+[4í;FENQC+P_Z�q>ds�+a;F+.-`9S+Z-ç_Z/ 5h�Cf
ýK1C;�4Oãq+�>0_61C4q4O+[4��dãq/�H�>REF_./213MNEN>RmÑäËEFñ +Oñ3óqX[UnACòaENóqópù`ædñ

��� / � / Ï �>= 4 �3������� 5 �@? 5 +,�J��8ö�3� ü �
�qózýK1C;V>Rsr+t_Z/rMNm�Jal#Uió]13-813MNM�+ZM�*q+./rH�s�WI13-`þ�>Rs213>:ýK1C;pE�/rEN>REF13MNMNmÚ13L[MN+k>0_k-�ãp/í_./
>Rsr+ 4O+ZMNEN9:+.-�+O4 ;Fmo;F>R+ZWIñÃ5,sr+ �qóåLS+./rH�srWI13-0þèýK1C;Ñ-�ãq/�_Z/�;FãpH�H�+O;=;FEN9:+ � U
-�+ZMN+O1C;F+O;i13/24ö;Fm,;F>R+ZW ãp^]TÍ-<1C4[+O;�>0_PWI_./rEN>0_Z-Ø^p+Z-0�`_Z-0WI13/rH�+PENWj^p-3_.9:+.Wj+Z/r>0ñnl
-�+ZH�_.-�4ûýK1C;,þS+.^q>2_Z�p>Rsr+ç>RENWjEN/�T��`_.-£>ds�+î;F+.H�_Z/24û-�ãp/õ_Z� �qóÚ>0_êW _Z/rEN>0_.-£9:EN-`>Rã]13M
Wj+.WI_Z-0më^]1CTÍEN/2TÍbdEN/�ñq5qsr+÷;F+.H�_Z/24ö-	ãp/rbd>RENWj+KWj+O1C;Fãp-�+[4ö>Rsr+K+0��+ZH�ãq>REF_./ø>RENWj+
ýaEN>Rs2_.ãq>�^]1CTÍEN/2Tû13H�>REN9:EN>REN+O;h1C;q>Rsr+Ø�RãqMNM3�qóÿ13^p^pMNENH�13>dE@_Z/b�q>R>R+O46EN/aH�_Z-F+ØWj+.WI_.-`m�ñ
l ;FEFTÍ/rE��pH713/�>64OEN�¸�d+Z-�+./rH�+jýK1C;P_ZL,;F+.-`9:+O4 EN/�>Rsr+ � Uÿ-�+.MN+[1C;F+O;PäË5,|CA25qc:ñ y÷13/24
5,c:ñ e:æoL[+Z>Rýa+Z+./I>Rsr+ �p-8;@>�13/24ë;F+.H7_./24õ>RENWjEN/2T[;=ñ[5qsr+õ4[EN�¥�d+Z-�+./rH�+DLS+.>RýD+.+./I>Rsr+
�q-<;F>,13/24a;F+ZH�_./24i-0ãp/û>RENWjEN/�Tt13^p^p-�_0�7ENWI13>R+O4#>Rs�+�>RENWj+�>`_�^]1CTÍ+.bdEN/û>Rsr+#13^p^pMNENH�13b
>REF_Z/�ñ�ùÉWj^p-�_Z9S+ZWj+./r>0;�EN/ >Rsr+a^]1CTZ+ZbdEN/ø_.9:+Z-vsr+O1C4KýK1C;#_.Lo;@+Z-09:+[4ö13�d>R+Z-ç>Rsr+ � U
-�+ZMN+O1C;F+z5,| 4Oãq+z>0_ ENWj^p-3_Z9:+.Wj+Z/�>0;ØEN/ö>Rsr+ J � \]G l�ùdóqw L,13/24OýaEF4O>ds~13/24 1

0 500 1000 1500 2000 2500 3000
10

0

10
1

10
2

10
3

10
4

Pages

T
im

e 
(s

ec
on

ds
)

VM Performance

. Y ª ] T µ    º � · µ � �  2 �
. Y ª ] T «    º � · µ � �  2 �

. Y ª ] T µ  ¹  2 �

# Y ]

¶ · ¸ ¹ º õ » ¼ ½ � ¹ ¾l m n o p q ¿ r À � t q p Á v p Â u w Ã q



�3{

L[EN/213-`m[bd>R-�+Z+#^�1CTZEN/2T 13MFTS_.-`E�>ds�WIñ � /j5��Cf3AS>Rsr+D_Z9:+.-vsr+[1C4D>0_t^]1CTÍ+.bdEN/I13/I13^q^pMNENb
H�13>REF_Z/aýK1C;q/�+[TÍMNEFTZENLSM�+[ñ

l#MNM�JPltUÚ^]13-813MNMN+.M�L[+./rH�srWI13-`þ,;�-<13/ L[+.>RýD+.+Z/ �D13/24íyz>RENWj+O;��`1C;F>R+Z-ç>Rs213/ _Z/
>Rsr+ôENóqUnw��|:}Cfú13�d>R+Z-ö>Rsr+ � Ué-v+ZMN+O1C;F+ô5h�CfCñçw#_ZWj^]13-0EF;=_Z/ ýaEN>Rs ^pãpLSMNEF;Fs�+[4
ENópUnw�O|:}CfîïdgCð£13/24 w�\]l]ü�ü�bdG óÐq�îïdgCðr>RENWjEN/2TS;ç13-v+6^p-�_Z9:EF4O+O4ÚEN/K>Rsr+6�`_.MNMF_Zýab
EN/2TØ>`13L[MN+Oñ

ßxw�íåÛ�ãåÕ1Ö���ÝäÞîÖ>Õ�Ä ×±è ðKÛx�£Å s é±Õ1Õ1ç � ÖØÕCçØß�ì1è ÖØì]ß�ãå× è Æ1è±× à�� w

� �3��� 50Ç �£È 4 � ��8 ��+"�
t è�É�ÛxÊ yxË�Ë�y v yxË�Ëåâx�
ï0Õ��ØÛ �xy v� t Û�ãåí��

�xy v
¥

� t Û�ãåí��
yx� v� t Û�ãåí��

yx� v
¥

� t Û�ãåí��
�xy v� t Û�ãåí��

�xy v
¥

� t Û�ãåí��
yx� v� t Û�ã
í��

yx� v
¥

� t Û�ãåí��
® Ì�Í
Î9Ï ÐaÑaÒ
ï5Ó�âxw âxw � ÷Øóx� ó óªò�õ�� ÷ÔØß�Ýªß�ì1Õ1Ö
u"v ò�øx��� ó ò�÷�� ÷ õ�ö�÷�� ö óª÷�� � ò�ø�ò�� ù ù�÷�� ú õ�ò�÷�� õ ô�ö�� ú
u áxw y ÷�ú�� ú ò�÷�� ÷ ò�ú�� ö óª÷�� � ù�ù�� � ù�÷�� ò ø�÷�� ø ô�ø�� �
u áxw â òx��� ô ò�÷�� ÷ óªù�� ò óª÷�� � ù�ô�� ô ù�÷�� ò ø�ò�� ó ô�ø�� �
u áxw z ò�ú�� ÷�ô óªò�� ��öñÕ�xw �x� ò�ú�� ÷Øó ò�ú�� òØó óªò�� ö�õ óªò�� ø�÷ ��ú�� ù�÷ ��ú�� ��ò ô�ú�� ø�÷ ô�ú�� ô�ò
u �x� óªù�� ö�ò óªù�� öØó óªò�� ÷�÷ óªò�� ÷Øó

� �3��� 50Ö ��Ï �M= 4 �3�<����� 5 �@? 5 +q�J�"8I�3� ü �
×��¡��©ª��ØJ¥¡¢ Ù£´ Ì�¢±�D £¯ �aØÚÍ£® Û¡� ÑaÜ�Ý2�ßÞ£�¡´à Í£�¡©ª´Wá âaã Ð�Ý2�ßÞ£�¡´à Í��¡©ª´�á ã ÒaÐ�Ý2�iÞ��¡´à Í£�¡©�´�á âaã Ð�Ý2�iÞ��¡´äØ¥¡� ® �*� �® Ì�Í
Î9Ï ® ÐaÒ âaã Ð�Ý2�ßÞ£�¡´ä ¥¡� ® �*� �åxæ �£Ì�Ï â^ R Å9_a` Ã�*�Â Ç�Á À�*�Â È
Å À
Å*Â Ã�Ã À�Â Ã�+ Ä�Â Ç�+
��e Å�Á*Ä
f Ä�Â Á�Å À�Â Ã�Å Ã*Â Ç*À
g�g9# Å�Á*Ä
_ihîÀ
Å*Æ À
Á*Â Å�* Ä�Â Ã*Ä À�Â Á�Å Ã*Â Æ�Æ
TVe Å*Â +�hîÀ�+
j Ä�Â È
Á À�Â Å*È À�Â È�Ä
& - Å9_af À
Á*Â Ç�Ã À
Ã*Â Á�+ À�Â +�À +�Â Æ
Á

:R�R - R Ä
Ç9f Ç�Ç�Á*Â À
Å Å*Æ�À�Â Å*È À�Â Á�* À�Â Ä�È
7R�R�N�# Ä
Ç9f Ç*È
Á*Â *�Ä Å*Ä�Ä�Â Á*Æ À�Â Á*Ä Å*Â *�È
:R�R�;êµ Ä
Ç9f Ä�Æ
Å*Â +�+ Ç�Ç�Å*Â +�+ Ã�Å*Ä�Â +�+ À�Â +�À +�Â È
Ã



�C}

ùd/øXSEFTZãq-�+ícCA]>Rsr+í-�+ZM@13>dEN9S+ZMNm÷MF_Zý ^p+.-`�`_.-0WI13/rH�+öäd�Cñ°fC�z>RENWj+O;#�`1C;F>R+.-û>Rs213/ø>Rsr+
ENópUnw�O|:}CfCæ��`_Z-i>Rsr+zltópó \"� 13/24ÐùÉUíLS+./rH�srWI13-`þ,;ØýK1C;64Oãq+z>0_ >Rsr+zsrEFTZsöJb�
Wj+O;=;=1CTÍ+.bd^]1C;=;FEN/2TçH�_ZWÑWjãq/rENH�13>REF_./aMF13>R+Z/rH�mûWj+O1C;Fãp-v+[4 _./a>Rsr+Øó]13-81CT[_Z/2ñ

ç ßNà èD2���n�	�k�7�0��k�

� 9:+Z-ê>Rsr+a^p+.-`EF_O4KH�_Z9:+.-�+O4KEN/ >ds�EF;k-�+.^]_Z-0>êäËXS+.L[-0ã]13-0m��3cCcCez>0_altã]TÍã];F>ê�3cCcCe:æËA
>Rsr+Dó�13-<1CTS_./~139S+Z-<1CTÍ+Dãp^q>RENWj+DýK1C;t13Lo_.ãp> �q�d>RmÐ^p+Z-vH�+./r>0ñ[\]+.Lo_O_Z>0;t139:+Z-<1CTÍ+O4
�`_.ãq-i^p+Z-a4q13m�ñSUnEN/�TÍMN+.bdã�;F+.-a139�13ENMF13L[ENMNEN>Rm ýK1C;��`_Zãp/24�;=13>REF;F�`13H�>0_Z-0m3AoL[ãp>�WjãpMN>RENb
ã];F+Z-�139�13ENMF13L[ENMNEN>RmîýK1C;o^p-�+.H713-0EF_.ã�;=ñ�ó]13-0>dE�>dE@_Z/Ð;FH�sr+O4OãqMNEN/�T�ýK1C;oãp/r-v+ZMNEF13L[MN+û13/24
^p-�_ZH�+[;�;F+[;hýa+Z-�+Ñ_.H�H71C;FEF_./213MNMNmjMN+.�d>£s213/2TZEN/2TÍA�4[+O1C4OMF_ZH�þSEN/2TîH�-`E�>dENH�13M,-v+[;�_Zãp-	H�+O;=ñ

EP MG CG FFT IS APPSP APPBT APPLU

Benchmarks (Published Size)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0
S

p
ee

d
u

p
 R

at
io

 t
o

 Y
-M

P
/1

 128 Node Configuration

Published IPSC/860
PARAGON T10

Figure 9. NAS Parallel Benchmarks iPSC/860 vs. Paragon

YMP/1 Ratio



�Cg

� /ë139:+.-81CTZ+ZA�>Rsr+.-�+6ýa+Z-�+6>Rsr-�+Z+6ã];F+Z-<;hMF_OTSTÍ+O4 _Z/K>Rsr+ûó]13-<1CTS_Z/�ñ�5,sr+O;F+6ã�;F+.-<;FA
ýa+Z-�+�^p-�+[4q_.WjEN/213/r>RMNm 4[+.9:+ZM@_Z^p+Z-<;ç13/�4 >d+O;F>R+.-8;�éS/2_Z>�;FH�EN+./r>REF;F>0;=ñCX[ãq/rH�>REF_./213MNEN>Rm
ENWj^p-�_Z9S+[4t�d-�_ZWå-0ãp/r/rEN/�T6_./r+�JPltU�ó�13-<13MNMN+ZMn*,+./rH�srWI13-0þÚä
�qó�æËAÍ>0_k-�ãp/r/rEN/2T�13MNM
>Rsr+ Jal#Uëó�13-<13MNMN+ZMç*q+Z/�H�srWI13-0þo;Ñ_./ 1I�3yC|ö/�_[4O+ ^]13-`>REN>REF_./2ñ�lt>#>Rsr+ +Z/�4ú_Z�
l#ã�TZã�;F>RAh13MNM�_Z��>Rsr+DJal#UKL[+./rH�s�WI13-`þo;�-<13/I�`1C;F>R+.-aäËL[+Z>Rýa+Z+./~�Ú13/24ÐyÚ>RENWj+O;=æ
>Rs213/K_./a>Rsr+ØENópUnw�O|:}Cfê_./a>Rsr+ØMF13>R+O;F>�EN/2;F>013MNMN+O465��Cf � U#-v+ZM�+[1C;F+Oñ
l#MN>Rs2_Zã]TÍsD^p-�_OTÍ-�+[;�;,ýõ1C;�_ZL,;F+Z-09:+O4[A�EN>rEF;h_.ãq-2H7_./rH�+Z-0/D>Rs213>r�dãp/24,13Wj+./r>013M[MNENWjb
EN>013>REF_Z/�;�_Z�Ã>ds�+zó]13-81CT[_Z/x_Z^p+Z-<13>REN/2TÐ;Fmo;F>R+.W WI13mÿENWj^]13EN-P_.-�-v+O;F>R-`ENH�>Ã�dãp-`>Rsr+.-
^p-�_[TÍ-�+O;=;=ñq5qsr+KJ � \�G l ùÉópwYL,13/24[ýaEF4O>RsxýK1C;#Wj+[1C;Fãp-v+[4 13>î��� G L[mS>R+[;$p;
ädg�Íé_Z�r>Rsr+Ø^p+O13þîs�13-�4[ýK13-�+Ø^p+.-`�`_.-0WI13/rH�+OæËACMNENWjEN>REN/2Tû_Z9S+Z-<13MNM[9SEN-`>Rã]13MOWj+ZWI_.-`m3A
�#/rE��Ñ;F+.-`9SENH�+O;käËEFñ +Oñ.B#EF;Fþõ13/24aòaENópóqùoù* � æ,13/24a>Rsr+ió�13-<13MNMN+ZM�XSENMN+iUnmo;F>R+.W ^p+Z-0b
�`_.-`WI13/rH�+Oñ£5qsr+IJ��ì13^p^pMNENH�13>REF_Z/ Wj+O;=;=1CTÍ+ ^]1C;=;FEN/2TöL,13/24OýaEF4[>Rs ýK1C;PWj+O13b
;Fãp-�+[4Ð13>�yC|ûGIL[mS>R+O;$q;FAo13/�4 MF13>R+./rH�m 13>��3|C�

 µ
;=ñÍ5qsr+tsrEFTÍsíJ��ëMF13>R+Z/rH�m äË>Rsr-v+Z+

>RENWj+O;Ã>Rs213/�_./Ð>Rsr+îE�óqUnw�O|:}CfCæpýK1C;h�`_Zãp/24Ñ>0_j;FEFTZ/rE��qH�13/r>RMNmö4O+OTÍ-<1C4[+û^p+Z-0�`_Z-0b
WI13/rH�+�_.�a13^q^pMNENH�13>REF_./2;�-�+.MNmSEN/2T _./ ;FWI13MNM�Wj+O;=;=1CTÍ+�;FE�QC+[;=ñ,5,s�+�13WI_Zãp/r>P_Z�
Wj+.WI_Z-0më139�13ENMF13L[MN+a�`_Z-êã];F+.-î13^p^pMNENH�13>dE@_Z/2;�ýK1C;��`_Zãp/24K>0_aL[+K13^p^p-3_]�7ENWI13>R+ZMNm
�Cf�G LSm[>d+O;o^p+.-]/2_O4O+ZA7EN/24OENH�13>REN/2T�>Rs213>V>Rsr+çó]13-81CTS_./ � U�EF;o>013þSE�/2T�WI_.-v+û;F^]13H�+
>Rs213/K13/r>RENH�EN^]13>R+[4 äd}hG LSm[>d+O;q^p+Z-��C}hG LSmS>R+O;q/2_O4[+Oædñ

�øsrENMN+ë;FEFTÍ/�E��qH�13/r>�ENWj^p-�_.9:+.Wj+Z/r>0;�ýa+.-�+ë_ZL,;F+Z-09:+O4ëEN/~>Rsr+ë139�13ENMF13L[ENMNEN>Rm 13/24
^p+Z-0�`_.-`WI13/rH�+aWj+Z>R-0ENH�;FAq>Rsr+a^p-�+.9:EF_.ã�;FMNmõWj+Z/�>REF_Z/r+O4Kó�13-<1CTS_./ � UjMNENWjEN>013>REF_Z/�;
ýa+Z-�+PM�ENWjEN>REN/2Ta>Rsr+P/rãpWjLS+.-û_.�hã];F+Z-<;i13/24í>Rsr+Pó]13-<1CTS_Z/ÿýK1C;�ãq/213L[MN+P>0_í;Fãp^pb
^]_Z-0>]>Rsr+PJal#UÚýK_Z-0þSMF_O1C4,ñnùd>�EF;i_.ãq-ØLS+.MNEN+.�h>Rs�13>�ãp/r>RENM�H�_Z/2;FEF4O+.-813L[MN+P-v+O4O+[;FEFTZ/
13/24 -�+.bdENWj^pMN+ZWÑ+Z/r>013>REF_./ _.�P�dãp/24q13Wj+Z/�>013Mt^]13-0>0;Ð_.�P>Rsr+öó�13-<1CTS_Z/ � U äº+[ñ°TSñ
J � \]GIl ùdóqw#æØ13-�+I4q_Z/r+.A�_.9:+Z-<13MNMÃ�dãq/rH�>REF_./213MNEN>Rm 13/�4I^p+Z-0�`_Z-0WI13/rH�+jýaENMNM�L[+
MNENWjEN>R+O4,ñ

)rßNà êõ�Jëk��@ìë�	�râk!@í �r�k
	�

5,s�+K13ãp>Rs2_Z-<;�ýaEF;@s >0_a>Rs213/�þõ\]ã];=;F+ZM�w#13-`>R+.-�Ap5r_ZL[mõòí13-`/r+O;=;#13/24 \q+.EFTÍs l#/r/
5V13/�/r+Z-�_Z��Jal#UK13/24 �h4>lØã];Fsr/�+Z-i13/24D5,s213/rsjópsrãp/2T _Z��ùÉ/r>R+.MVUnUnB �`_.-�>Rsr+.EN-
1C;=;FEF;F>013/rH�+�13/24�H7_.WjWj+Z/�>`;�ñ



�3|

î ßNà ïD�r�<�r���r�k�7�r�

ïd�Cð�JPãqWj+.-`E�H713Mûlt+.-�_[4OmS/�13WjENH÷UnENWjãpMF13>dE@_Z/ óp-�_OTÍ-<13W ópMF13/2ñ�Jal#U Unm,;F>R+ZWI;
B#EN9:EF;@EF_Z/rACl#Wj+O;q\�+O;F+O13-�H�saw�+Z/�>d+.-�A � H�>0_ZL[+.-k�3cC|C|:ñ
ïËy:ð�ùd/r>R+ZMpó]13-81CT[_Z/ �]ó�OUb�z;@+Z-�giãpEF4[+.A§ð M&E T ?:ñ O,��TZU QêL W���O E T�U ñ,F � E TZW[�óò =D:�= � =�L>M A
l#^p-`ENMq�3cCcCeCA � -�4O+Z-�JaãpWjL[+Z-��3e:�3yC�C|CcCb`fCfC�Cñ
ïËe:ð � l#/ � UnXPp�H�t/rE��z�`_.-ØGx1C;=;FEN9:+.MNmíó�13-<13MNMN+.MoGIãpMN>RENH7_.Wj^pãq>R+.-8;2�3AV\ØñJôØ1 � H�+Zý
+.>ê13MFñ A =DM SÐU LKQ T ��=DM5õ � L V E�ö Tø÷£ù£ù£ú¨ûýüßþ©ÿ��������	��
�������'þ�������� þ	���������! #"$�!%�&('!)*)*+*�
,�,$- +/.!0�1*1	2
3�4/5$6!78:9<; �!=?>A@CBEDF%� #DFGIH�%�JK #=?J , GKDMLON!�PB -CQSR D , DT%UDF� 7 , DF 8 RTV�WYX �!%ZD 9 R "� A[��!0W J R  <�! A[]\^�!%� #D�_`JKD ; DFGKG R  ba^ #JKc/DF%�L�J W &?� 9 DTdM%�"$�!%�&e'!)*)*+	2
3 1 5f6!g >hDjibk 8 HS�!%��!GKGKDFGElmDF #=?>#no�!%�pmLqN!�sr - ls�!JtGKDT&uD W �!G - �sibk 8 k g DF=?># #JK=v�!G; DFn R %w�! A[�"�nx'*y!+*z/{!+*�`
^|}�T|(|}~������$�������C�U�������¬þ©ÿ������*��"�Gt&e'!)*)*+ -
3 { 5I6 ib� g 0�'E��� 7 l�DT #=?>#no�!%�pILqN!��� - \^�!% W DF%�D W �!G - ��ibk 8 �$D ,$R % W �$ibr^0�)*�*0�y*'*{!�
^|}�`|�|}~������$�������v�U������� þ§ÿ������*i R c/DFn�dMDT%�'!)*)*� -
3 . 5h6 i�k 8 HS�!%��!GKGKDFG�l�DT #=?>#no�!%�p}�SD�L�"�G W LqN!�`r - ls�!JtGKDT&}D W �!G - �`ibk 8 �$D ,$R % W �$ib�$0)*�*0�y*y!�*�`
^|}�T|(|}~������$�������C�U�������¬þ©ÿ������ 9 DFd	%�"$�!%�&e'!)*)*+ -
3 z 5h6!g >hDEk^% W�RFV \ R n , " W DF% 8 &mL W DTnoL�H�DT% V�R %�no�! #=?DEk^ A�!GK&IL�J�LqN!�`���U�����!JK h�1û ü�������S�����������¬ü��'þ`�v�:���v~��/�©ÿ�üßþ`�*��'!)*)/' -



'!)

 C¡

¢�£¤¦¥�§©¨(ª«¥�¬:¨�?®]¯�¯�°�¥�±³²µ´?¤¦¶«¬P¶$®¸·S¤^¯�°µ¬:¨�§º¹�¨�»¼¨½²
´!¤^¹�¾�´?¨�ªP¤^±^¹�ª«¥�¯E¬:¨�¿e¶«¬:´*À�£¤¦¥�§º¨�»Á¶«¬:Â�¨�²Ã»Ä¹�´!¤Ä´!¤^¨
¥�®]´!¤¦¶$¬PÅ?¾/ÆA´*¶Ç¨�±¦¾*®]¬�¨ÈªP¯�¥�¬:¹�´!°Ã¶«É¿�¬:¨½¾*¨�±^´*¥�´!¹�¶«±¼¥�±¦²
´!¨�ª�¤^±^¹�ª«¥�¯}¥�ªPªP®]¬�¥�ªP°�À�£´*¥�Â�¨�¿�¨�¬P¾/¶$±¦¥�¯É¬:¨�¾*¿¸¶«±³¾`¹�Ê
Ë ¹�¯�¹�´!°µv¶$¬Ì´!¤^¨ÎÍS®e¥�¯�¹�´!°Ï¶«´!¤^¹�¾<²�¶«ª�®]ÐÑ¨�±^´*À�Ò
Ó�Ô�ÕAÖS×	ØÙ
Ú�Û#Ü ×IÙ
Ó�Ô�ÕAÖS×	ØÙ
Ú�Û#Ü ×IÙ

ÝvÞ½ß«à�á�âwãäá�Þ½á�à�åæèç å�éTå�ãäêwëMì

íAî é�á�à�ïOð*ð*à�ßñâFïOòäóïOå�å�ãäê�ë½ôMõ½ö³Ývôë ç*æ�÷ á�à�ì øÈù½ù½ú�û�ü ×	Ø^ÙCý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý#ý


